This study deals with the concentrations of lactate, chloride, and reducing substances, and with the optical activity of ultrafiltrates from 49 specimens of cerebrospinal fluid from 9 patients with meningitis. In 6 instances comparisons of the concentrations of lactate, chloride, and reducing substance in blood and spinal fluid are given. The change in concentration of lactate, and reducing substances, and in the optical activity in four specimens of cerebrospinal fluid during incubation at 370 for 1 or 2 days is reported.
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In an earlier study (1) we showed that the greatest part of the levorotatory substances detected in protein free ultralfiltrates from blood, consists of the salts of d-lactic acid present in the blood or formed in vitro as the result of the glycolysis of the sugar. In this study, when sufficient fluid was available, polarimetric observations were made to determine whether changes in the rotation observed are correlated with the lactates found in the cerebrospinal fluid in meningitis.
LITERATURE Normal cerebrospinal fluid
An examination of the literature has revealed analyses for sugar or lactate in cerebrospinal fluid from individuals supposedly quite normal in 28 subjects by 5 observers. The results are shown in table 1 . In addition to these there can be gathered from the literature data from various authors on patients in whom it was reasonably assumed by the authors that the disease from which the patient suffered would not be associated with abnormal values for the constituents of the cerebrospinal fluid under consideration.
National Research Council Fellow in Medicine. 443 Reducing substance. The amounts of reducing substance (calculated as dextrose) found in cerebrospinal fluids supposedly normal in this respect, vary from 27 to 100 mgm. per 100 cc. By far the greater number, however, are within the range from 45 to 80 mgm. and the average value lies between 60 and 70 mgm. per 100 cc. (4) (5) (6) (7) (8) (9) (10) (11) (12) (22) (23) (24) (25) . The reducing substance of cerebrospinal fluid has been found lower than that of blood. The ratio has been reported as from 0.40 to 0.81 where fluid and blood have been obtained at approximately the same time (11) (12) (13) 24) . It has been reported that the reducing substance of cerebrospinal fluid varies with that of blood (11) (12) (13) (14) (15) (16) 25) , rising after meals (12) (13) , falling after insulin (26), and maintaining a high level in diabetes and other conditions attended with hyperglycemia (14, 23) . On the other hand the range of the ratio given above indicates that the correlation is subject to considerable variation. Whereas 10 to 30 mgm. per 100 cc. of the reducing substance of blood appears to be not glucose Geldrich (21) (29-32), the non-glucose reducing substance of the cerebrospinal fluid is much less in amount (27, 28) . However, most of the non-glucose reducing substance of the blood is contained in the cells (30) (31) (32) (33) and if, as has been claimed (31, 32, 34) , the glucose of the blood is in higher concentration in the plasma than in the cells, the ratio of glucose in cerebrospinal fluid to glucose in plasma is probably smaller than the figures given above. Lactate. Nishimura (36) found amounts from 11.7 to 18.0 mgm. per 100 cc. in the apparently normal fluids from cases of encephalitis and cerebrospinal syphilis. Glaser (37) (15, 20) . The changes of blood lactate due to muscular exercise and other causes have recently been reviewed by Jervell (38) . Wittgenstein and Gaedertz (39) showed that the cerebrospinal fluid responds to increases in blood lactate resulting from exercise, though the response in the fluid is delayed in a man-ner similar to that observed by Halliday (12) and Goodwin and Shelley (13) in the case of changes of sugar content. The changes of blood and fluid lactate content in eclampsia appear to resemble those following exercise (40) .
In view of the above, and the paucity of data on resting subjects, lactic acid concentrations from 6 to 30 mgm. per cent must be considered within the normal range, though the upper part of the range is probably too high for subjects at rest. Chevassut (41) denies the presence of lactates in cerebrospinal fluid in vivo, but the weight of evidence seems against her interpretation.
Chdoride. The normal average chloride content of cerebrospinal fluid as determined by different observers is remarkably consistent. Hamilton (42) found 124 m.Eq. per liter, Becker (5) 125, while Stewart (24) and Neale and Esselmont (10) found 124 and 125 respectively in children over five years of age. The great majority of the analyses on normal or supposedly normal fluids lie between 121 and 130 m.Eq. per liter.
The history of investigation into the origin of cerebrospinal fluid has recently been outlined by Levinson (35) . Fremont-Smith (43) has summarized the evidence favoring the view that the fluid is a dialysate or filtrate.
Cerebrospinal fluid in meningitis
Reducing substance. It has long been known that in certain diseases the amount of reducing substance in the cerebrospinal fluid is greatly diminished. It is almost invariably low in purulent meningitis (2, 3, 7-11, 13, 17-23, 44) and occasionally in syphilis of the central nervous system, especially in untreated cases (5, 13) . Neale and Esselmont (10) following the changes in concentration of reducing substance during the course of several types of meningitis reported characteristic changes in the various types. Geldrich (21) Scheller (20) found an elevation of lactic acid in five cases of tuberculous and one of pneumococcic meningitis. Nishida (3) reported elevation of the lactic acid content of cerebrospinal fluid in cases of meningococcic, tuberculous and pneumococcic meningitis. More recently, Geldrich (21) published a series of cases of tuberculous meningitis in which the lactic acid was consistently elevated. Fasold and Schmidt (45) and Margreth (46) also have reported an elevation of lactic acid in cases of meningitis.
All investigators agree that the lactic acid content of cerebrospinal fluid is increased in suppurative and tuberculous meningitis, the amount of increase reported varying with the severity of the disease. Geldrich (21) and Garcia, Killian, and De Sanctis (47) agree that the lactic acid content of the fluid is of value as a guide to the patients progress, and of more value in this respect than the sugar content of the fluid. Geldrich observed that during a large part of the illness, the sum of glucose and lactic acid tends to remain within or close to normal limits, but as a fatal termination approaches, the sum usually increases. He found a rather steady but slow increase in lactic acid of the cerebrospinal fluid during the progress of tuberculous meningitis, until during the last week it would rise more rapidly, often to 120 mgm. per 100 cc.
Chloride. A lowered chloride concentration in cerebrospinal fluid in tuberculous meningitis seems generally recognized. Nowicka (48) found in sixty cases of tuberculous meningitis, values ranging from 87 to 116 m.Eq. per liter with a mean of 102, in general falling in the final stages nearly to the lower figure. In meningococcic meningitis the range was 108 to 120 m.Eq. per liter. Wilcox, Lyttle and Hearn (11) find a mean concentration of about 109 for tuberculous meningitis, and report the blood chlorides also lowered though not to so great an extent. Linder and Carmichael (49), however, find that the ratio of cerebrospinal fluid chloride to blood chloride is unaltered in meningitis and conclude that the fall of chloride concentration in the cerebrospinal fluid in meningitis is dependent on a similar fall in the chloride concentration of the serum. Neale and Esselmont (10) find that the changes in the chloride concentration of the fluid during the progress of the disease show special features in each type of meningitis. The range of values they report are, however, similar to those referred to above.
METHODS
The specimens of spinal fluid, except where otherwise noted, were obtained by lumbar puncture and were taken immediately to the laboratory. When the puncture was made at night, the fluid was kept in the refrigerator until the following morning, but ordinarily not over an hour elapsed between collection and analysis. For polarimetric readings it was necessary to remove proteins. Ultrafiltration through collodion sacs was the method used, and for the sake of uniformity this procedure was carried out preliminary to all analyses. The filtration was rapid and only occasionally required over twenty or thirty minutes.
Reducing substances ("sugar") were determined by the method of Folin and Wu after appropriate dilution, and chlorides by that of Wan Slyke (50) . The lactic acid determinations were made by the method of Friedemann, Cotonio and Schaffer (51) , and were carefully controlled by determinations made on blanks and on known quantities of pure zinc lactate. The green light of a mercury vapor lamp was used for polarimetric readings. The optical activity is expressed in terms of the millirams of dextrose per 100 cc. required to give the same rotation, using 63.03°as the specific rotation of dextrose for a wave length of 5416A. Details regarding the instrument and the method of preparing and using the collodion sacs are given in the earlier papers (1, 52, 53) . By expressing the optical activity in terms of dextrose either plus or minus, comparison between the optical activities of fluids of differing actual dextrose content (as determined by reduction) can be made more conveniently than when rotation is expressed in degrees.
The fluids were tested with phenol red before the polarimetric observations to be certain that they were not acid in reaction. This was necessary in view of the change which marked variations in the pH exert upon the optical activity of lactates (1) .
RESULTS

Normals
A few determinations were made on cerebrospinal fluids collected in the Out-Patient Department for Wassermann determinations.
While obviously none were from persons in perfect health, fifteen of them were apparently normal fluids from persons suffering from a variety of diseases but with presumably normal chemical composition of the cerebrospinal fluid. Among them are patients admitted for diagnostic study as well as patients suffering from heart disease, paralysis agitans, chronic maxillary sinusitis, and cerebrospinal syphilis.
In these fifteen cases the sugar concentration in the fluid varied from 43 to 95 and averaged 66 mgm. per 100 cc., and the lactic acid varied from 12 to 31 and averaged 19 mgm. per 100 cc.
Meningitis
Our data include one case of pneumococcic, one of tuberculous, three of streptococcic and four of meningococcic meningitis. A total of 49 specimens of cerebrospinal fluid from these nine cases were-examined. Except for one case of streptococcic and three of meningococcic infection, data are not available before the day previous to death. Forty of the fluids examined were from these four cases.
In neither of the cases showing eventual recovery did we secure suitable specimens for analysis during the period of improvement and return to normal. In Case 6, no punctures were made later than those here recorded. In Case 1 a few were made but the fluids were not analyzed as treatment at this period was by irrigation of the entire canal with saline.
It was contended by Goodwin and Shelley (13) that a low sugar AA7 concentration in the cerebrospinal fluid after intraspinal administration of antimeningococcus serum is of no diagnostic value. Analyses of serum prepared by two manufacturers, showed reducing values of 12 and 12 mgm. per 100 cc., lactic acid concentrations of 70 and 50 mgm. per 100 cc. and chloride concentrations of 95 and 100 m.Eq. per liter respectively. This is a deviation from the normal values for spinal fluid in the direction reported in cases of meningitis. A comment as to the serum treatment is therefore in order. In Cases 1, 2, and 6 from 12 to 30 cc. of antimeningococcus serum were injected usually twice daily immediately after removal of the specimen for analysis. Thus an average period of 12 hours elapsed between serum treatinent and removal of the specimen. In Case 7, 15 cc. of sera were injected on each occasion, but at longer intervals. The specimens recorded were collected from one to nine days after the last previous treatment. In Case 9, one injection of 25 cc. of antistreptococcic serum was made, five hours previous to the collection of the last antemortem specimen.
Reducing
The sugar content in our series of cases is generally lowered, half the specimens showing a sugar content of 20 mgm. per 100 cc. or less. The only marked exception is in Case 5 where the sugar in the fluid was 90 mgm. per 100 cc. In this patient the blood sugar was 254 mgm. per 100 cc. and a relatively high fluid sugar was therefore to be expected.
Lactic acid
The lactic acid concentration increased in some cases eight to ten fold, four times becoming greater than 150 mgm. per 100 cc. in the last specimen prior to death.
Only seven observations showed less than 30 mgm. of lactic acid per 100 cc. Of these, six are during the favorable period of Case 1. We do not find the constancy in the sum of lactic acid and sugar concentrations reported by Geidrich. In Case 1 for example the sum fell below the normal range and in Case 6 the sum exceeded 100 on two successive days but the patient eventually recovered. The sum does, it is true, rise to a high figure previous to death. Ratio of concentrations in blood and cerebrospinal fluid
On six occasions we examined blood and cerebrospinal fluid taken almost simultaneously from cases of meningitis. The results of these determinations are shown in table 2, together with the approxmate mean normal values. In the case of lactic acid, the ratios vary from 2.4 to 7.4 contrasted with a normal value of 0.8. The normal ratio for sugar is about 0.66 but in our cases of suppurative meningitis the ratios were from 0.06 to 0.39. In the case of chloride, the ratio found by us is normal, a confirmation of the observations of Linder and Carmichael mentioned earlier (49) .
Optical activity Few observations of the optical activity of cerebrospinal fluid have been recorded and none to our knowledge, have previously been made on fluids from patients with meningitis. Lundsgaard and Hplboll (54) relation between the lactate concentration and the apparent amount of levorotation, the data bearing upon it are plotted in figure 1. The apparent amount of levorotation is a calculated value, being the milligrams of dextrose it would be necessary to add to 100 cc. of the fluid to make the optical activity of the fluid equal that of a pure solution of It will be observed that the points tend to fall along a curve similar to, but not identical with that drawn for blood in our previous paper (1) . The six points lying together somewhat apart from the others are those (five of them from Case 6) in which the total optical activity was dextro-rotatory. In the curve drawn from blood we obtained, by glycolysis, a figure for the non-glucose reducing substances and subtracted this from the reducing value in computing the apparent levorotation. In calculating the apparent levorotation of the spinal fluid as shown in figure 1 , no allowance is made for non-glucose reducing substances. That they are absent is probably not true but they can hardly introduce an error that invalidates our conclusion drawn from figure 1 that there is a relationship between the apparent levorotation and the lactate concentration.
Glycolysis
Specimens of normal cerebrospinal fluid handled in a manner to avoid contamination, showed no alteration in reducing substance on standing at room temperature or in the incubator as long as 48 hours. This is in agreement with the recent report of Nielsen (57) who found that the logs of sugar frequently did not begin until a much longer time had elapsed than we allowed. Chevassut (41) found glycolysis occurring promptly and rapidly in normal fluid. Fasold and Schmidt (45) found insignificant changes of sugar and lactate in fluids from cases of meningitis.
Four specimens of fluid from a case of meningococcic meningitis were allowed to stand for 24 or 48 hours in an incubator. The concentration of reducing substance was small at the start and remained virtually unchanged. The lactate content, however, originally large, became less, and the optical activity showed a correlated diminished amount of levorotation. The data are shown in table 3 and are included in figure 1 as triangles. The fluids were allowed to stand as drawn, but the protein and cells were removed by ultrafiltration before the polarimetric reading.
This change in optical activity is in the same direction as reported by 
DISCUSSION
Insufficient evidence is available to satisfactorily establish the mechanism of formation of normal cerebrospinal fluid and the relation between the concentration of its chemical constituents and the same constituents of the plasma, although evidence for the importance of dialysis or filtration through the membranes of the choroid plexus is impressive. The explanation of pathological observations is obviously even more complex. The apparently greater disturbance of glucose and lactic acid equilibrium than of chloride equilibrium between plasma and fluid may be due to the conversion of glucose to lactic acid by leucocytes and bacteria, probably especially the former. 2. In suppurative meningitis the ultrafiltrate of the cerebrospinal fluid is usually levorotatory. The parallelism between degree of levorotation and lactic acid concentration suggests that the latter is present in the form of levorotatory d-lactates, which is the same form that has been found in glycolysed blood.
3. The ratio of the concentration of chloride in the blood to that in the cerebrospinal fluid in suppurative meninigitis was not found altered from the normal.
4. The sugar and lactic acid ratios were markedly altered, the cerebrospinal fluid being relatively high in lactic acid content and low in sugar content PROTOCOLS Case 1. Unit history number 8658. White male, age 20.. Admitted December 25, 1928 , called the 2nd day of disease, complaining of headache, fever and occasional chills. Lumbar puncture revealed a cloudy fluid, pressure 22 mm. Hg, cells 12,500 per cubic millimeter largely polymorphonuclear, few organisms. Antimeningococcic polyvalent serum was introduced. The following day a positive Kernig's sign and distinct rigidity of the neck were noted. Under serum treatment the fluid cell count fell to as low as 300; his temperature became normal on the fifth day of disease and improvement was noted for several days thereafter. His general condition then steadily grew worse until the 21st day of disease when improvement was again noted. Vision was clear, no headache; he looked and talked better. That afternoon the fluid from the lumbar puncture ran slowly and showed 14,400 cells. On the 22nd day no fluid could be obtained; apparently there was a block. On the 23rd day, cisternal and lumbar punctures were made and the canal irrigated with saline. This was repeated the following day, and from that point recovery was rapid and continuous. Patient discharged March 12, 1929 . Temperature during stay in hospital was 37.5 to 39.8°C. Spinal fluid culture showed meningococci. Our data include the early improvement and later decline, but do not include any figures during the final improvement and recovery. 
